Pancreatic carcinoma (PC) is the one of the most common and malignant cancer in the world. Despite many effort have been made in recent years, the survival rate of PC still remains unsatisfied. Therefore, investigating the mechanisms underlying the progression of PC might facilitate the development of novel treatments that improve patient prognosis. LncRNA Taurine Up-regulated Gene 1 (TUG1) was initially identified as a transcript up -regulated by taurine, siRNA -based depletion of TUG1 suppresses mouse retinal development, and the abnormal expression of TUG1 has been reported in many cancers. However, the biological role and molecular mechanism of TUG1 in pancreatic carcinoma (PC) still needs to be further investigated. In the current study, the expression of TUG1 in the PC cell lines and tissues was measured by quantitative real-time PCR (qRT-PCR), and loss-of-function and gain-of-function approaches were applied to investigate the function of TUG1 in PC cell. Online database analysis tools showed that miR-382 could interact with TUG1 and we found an inverse correlation between TUG1 and miR-382 in PC specimens. Moreover, dual luciferase reporter assay, RNA-binding protein immunoprecipitation (RIP) and applied biotin-avidin pulldown system further provide evidence that TUG1 directly targeted miR-382 by binding with microRNA binding site harboring in the TUG1 sequence. Furthermore, gene expression array analysis using clinical samples and RT-qPCR proposed that EZH2 was a target of miR-382 in PC. Collectively, these findings revealed that TUG1 functions as an oncogenic lncRNA that promotes tumor progression at least partially through function as an endogenous 'sponge' by competing for miR-382 binding to regulate the miRNA target EZH2.
Introduction
Pancreatic cancer (PC) is one of the deadliest human malignancies and the fourth-leading cause of cancer-related deaths [1, 2] . Due to lacking efficient methods for early diagnosis, patients are always diagnosed as advanced stage. Currently, surgical resection is important treatment for PC; however, only 10-20% patients are diagnosed at a resectable stage and the 5-year survival of post-operation for PC is still unsatisfied with only 20% [3] . Thus, chemotherapy becomes one of the indispensable means of clinical treatment of PC. Early metastasize is one of the characteristics of pancreatic cancer, which always result in poor curative effect or failure of chemotherapy. It has been reported that epithelial-to-mesenchymal (EMT), process of losing epithelial phenotypes and gaining of mesenchymal phenotypes, contributes to the early dissemination of primary tumor cells and metastatic spread [4] [5] [6] . The aim of our present study is to explore the underlying EMT formation mechanism of PC and potential therapeutic value.
Long non-coding RNA (lncRNA)s, defined as non-coding RNA more thatn 200nt with limit of no coding protein ability, are gaining prominence. The function of lncRNAs has been characterized in many cancers. LncRNAs exert their function mainly at three levels: transcription, post-transcription and epigenetic modification.
Taurine-upregulated gene 1 (TUG1), initially identified as a transcript that upregulated in response to taurine treatment of developing mouse retinal cells, has been reported aberrantly expressed in many human cancers and involved in carcinogenesis and progression [7] [8] [9] [10] .
In our present study, we explored the role of TUG1 in the regulation of proliferation, migration and EMT formation of PC. Our findings show that silencing of TUG1 impairs migration and epithelial mesenchymal transition ability. Moreover, for the first time, we identify an important role for TUG1 in pancreatic cancer cells.
Furthermore, we demonstrate that TUG1could competitive sponging miR-382 and then regulating the expression of EZH2, therefore involving in the progression of PC.
RNA-binding protein immunoprecipitation
RIP experiments were performed using the Magna RIP RNA-binding protein immunoprecipitation kit (Millipore, Billerica, MA, USA) and the Ago2 antibody (Abcam, Cambridge, MA, USA) following the manufacturer's protocol.
Co-precipitated RNAs were subjected to RT-qPCR analysis.
RNA-Pulldown assay
PANC-1 cells were transfected with biotinylated miRNA, collected 48 h after transfection. The cell lysates were incubated with M-280 streptaviden magnetic beads (Invitrogen, San Diego, CA, USA). The bound RNAs were purified using TRIzol reagent (Invitrogen) for further RT-qPCR analysis.
Statistical analysis
Statistical analyses were performed using SPSS 17.0 software (SPSS, Chicago, IL, USA). Differences between two groups were assessed using Student's t-test (two-tailed) . Correlations between TUG1 and miR-382 or EZH2 were analyzed by Spearman rank correlation. Each experiment was performed at least three times.
Results of experiments are displayed as mean ± SD. A P-value<0.05 was considered to indicate statistical significance.
Results

TUG1 is upregulated in PC and correlated with clinical outcome of pancreatic cancer patients
To study the lncRNAs mechanism involved in regulating the progression of PC, we previously conducted lncRNA expression array analysis using clinical samples ( Fig.   1A ). Among those lncRNAs, lncRNA-PVT1 and lncRNA-TUG1 were highly expressed in pancreatic tissues. The biology function of PVT1 has been discussed in our other study. In the present study, we focus on the function of TUG1. To further validate the expression level of TUG1, we evaluated the TUG1 expression level in 34 paired PC and adjacent pancreatic tissue samples using reverse transcription and quantitative real-time PCR (RT-qPCR). The results showed that TUG1 levels were significantly higher in tumor tissues ( Fig. 1B) . Additionally, correlation between lnc-TUG1 expression and clinical features revealed high level of TUG1 was correlated with large tumor size (p=0.000), poor tumor differentiation (p=0.000), TNM stage (p=0.001), Vascular infiltration (p=0.000), distant metastasis (p=0.000) and negatively correlated with overall survival (OS) of patients with pancreatic cancer ( Figure 1C ), which indicated that upregulated TUG1 might contribute to the development of pancreatic cancer. Then, we examined the expression level of TUG1 in PC cell lines (PATU 8988, BxPC-3, PANC-1, SW 1990, AsPC-1) and HPDE6-C7 cells, an immortalized, normal human pancreatic normal pancreatic epithelial cell line, using RT-qPCR. Compared with HPDE6-C7 cells, PC cells exhibited significantly higher levels of TUG1 expression but not in PATU 8988 cells ( Figure 1D ).
Collectively, these results suggest that TUG1 is up-regulated in PC.
TUG1 promotes PC cell proliferation, migration and EMT formation
To evaluate the role of TUG1 in regulating the proliferation, migration and EMT formation, we transfected PATU 8988 and PANC-1 cell lines with TUG1expression vector and shRNA/TUG1, respectively ( Fig. 2A) . First we performed the MTT and colony formation assay to monitor the effect of TUG1 on cell proliferation. We observed a significant increase in proliferation of cells transfected with TUG1expression vector compared with negative control in PATU 8988 cells ( Fig. 2B and 2C, left). Furthermore, down-expression of TUG1 in PANC-1 cells resulted in a significant increase in cell proliferation (Fig. 2B and 2C, right) . Then, we test the effect of TUG1 on cell migration capacity. Wound healing assay showed that forced expression of TUG1 drastically increased the cells migration capacity, while TUG1 knockdown significantly decreased the cells migration capacity ( Fig. 2D -E). These data provide evidence of the migration-promoting role of TUG1 in vitro. Additionally, we examined the influence of TUG1 on the formation of EMT. Results from western blot showed that overexpression of TUG1 contributed to the formation of EMT, and vice versa in cells deletion of TUG1 ( Fig. 2F -G). Taken together, these results suggest that TUG1 has important roles in PC cells proliferation, migration and EMT formation. However, the detailed mechanism by which TUG1 functions warrants further investigations.
MiR-382 is regulated by TUG1
Besides characterizing the function of TUG1 on PC cells, we also sought to explore in further detail the mechanism by which TUG1 exerts its functions. Accumulating documents identified that many lncRNAs have been reported to function as competing endogenous (ce)RNAs by serving as sponges that bind and sequester away miRNAs [11] [12] [13] [14] . To exam whether TUG1 exerts its function in PC cells through function as a ceRNA, we first measured the percentage of TUG1 in the cytoplasmic and nuclear fractions of PANC-1 cells. As shown in Fig. 3A , RT-qPCR of nuclear and cytoplasmic fractions of PANC-1 cells present that TUG1 was located in the cytoplasm, providing prerequisite for function as a ceRNA. Then, using starbase software (http://starbase.sysu.edu.cn/mirLncRNA.php), we measured the miRNAs predicted to be bound to TUG1 in response to knockdown of TUG1. We transfected PANC-1 cell with shTUG1, and we found that down-regulated TUG1 had the most significant effect on miR-382 expression ( Supplementary Table1 ). Next, RT-qPCR of nuclear and cytoplasmic fractions of PATU 8988 and PANC-1 cells validated that miR-382 was also located in the cytoplasm, indicating a potential reciprocal interaction between TUG1 and miR-382 ( Fig. 3B ). Thus, miR-382 was pursued for studies in detail. RT-qPCR showed that, in PC tissues, miR-382 was downregulated in the tumor specimens, which was inversely correlation with TUG1 ( Fig. 3C ).
Compared with HPDE6-C7 cells, PC cell lines displayed lower expression of miR-382, except for in PATU 8988 cells ( Fig. 3D ). To further evaluate the potential regulating relationship between TUG1 and miR-382, PATU 8988 and PANC-1 cells were transfected with TUG1expression vector and shRNA/TUG1 to increase or decrease TUG1 expression, respectively. Forced expression of TUG1 resulted in a significant down-regulation of miR-382, while deletion of TUG1 significantly increased the level of miR-382 ( Fig. 3E ). These results suggest that miR-382 was negatively regulated by TUG1. To further explore whether TUG1-mediated miR-382 regulation through function as a ceRNA, we performed dual luciferase reporter assay, RNA-binding protein immunoprecipitation (RIP) and applied biotin-avidin pulldown system. We first sub-cloned full-length of TUG1 into the pmirGLO dual luciferase reporter vector and performed luciferase assays in PANC-1 cells (Fig. 3F ). As shown in Fig. 3F , co-transfection of PANC-1 cells with pmirGLO-TUG1-WT vector and miR-382 mimic significantly reduced luciferase reporter activity with respect to the negative control, while cells co-transfected with pmirGLO-TUG1-MUT vector and negative control showed a higher level of luciferase activity in comparison to the group of co-transfected with WT vector and negative control. Results from RIP showed that Ago2 protein was efficiently immunoprecipitated from cell extracts by Ago2 antibody (Fig. 3G ), which revealed that while TUG1was detected in Ago2 immunoprecipitates from the control group, its levels were drastically reduced in Ago2 complexes purified from cells treated with miR-382 inhibitor, indicating that indicating that TUG1 is likely in the miR-382 RISC complex. Further, a biotin-avidin pulldown system was application to assay whether miR-382 could pull down TUG1.
As shown in Fig. 3H , TUG1 was pulled down by miR-382, but the bind site of TUG1 for miR-382 was mutated failure to pull down TUG1, indicating that TUG1 regulated miR-382 in a sequence-specific manner. Together, our findings revealed that TUG1 exerts inhibitory effects on miR-382 expression through function as a ceRNA and therefore directly sponging miR-382.
MiR-382 reversed the function of TUG1 in PC cells
We transfected PATU 8988 with TUG1expression vector and miR-382 mimic to study the effects of miR-382 on cell proliferation, migration and EMT mediated by TUG1.
MTT and colony formation assay revealed that TUG1 promoted and miR-382 suppressed cell proliferation, while co-transfection of miR-382 mimic and TUG1 expression vector showed that TUG1 promoted cell proliferation was inhibited by miR-382 ( Fig. 4A-B ). Would healing assay and transwell assay revealed that TUG1 promoted and miR-382 suppressed cell migration, while co-transfection of miR-382 mimic and TUG1 expression vector showed that TUG1 promoted cell migration was inhibited by miR-382 ( Fig. 4C-D) . Moreover, results from western blot demonstrated that TUG1 promoted and miR-382 suppressed PC cell EMT phenotype formation, while co-transfection of miR-382 mimic and TUG1 expression vector showed that miR-382 reversed the EMT promoted by TUG1 to MET ( Fig. 4E ). Those observations suggest that the effects of TUG1 overexpression on the promotion of PC cell migration and EMT formation could be reversed by miR-382 mimics.
EZH2, a target of miR-382, is positively regulated by TUG1
Previously, we conducted gene expression array analysis using clinical samples resulting in the identification of several genes (Fig. 5A ), which are involved in PC progression and metastasis. To screen the appropriate target of miR-382, we first measured the identified genes expression in the cells treated with miR-382 mimics. As present in Fig. 5B , miR-382 showed significant effect on the level of EZH2. And RT-qPCR showed that, in PC tissues, EZH2 was up-regulated in the tumor specimens, which was positively correlation with TUG1 ( Fig. 5C ). Additionally, bioinformatics analysis revealed that in the 3'UTR region of EZH2 contains a bind site for miR-382 ( Fig. 5D left) . Moreover, results from dual luciferase reporter assay showed that co-transfection of PANC-1 cells with pmirGLO-EZH2-WT vector and miR-382 mimic significantly reduced luciferase reporter activity, on the contrary, cells co-transfected with pmirGLO-EZH2-MUT vector and negative control showed a higher level of luciferase activity ( Fig. 5D right) . Furthermore, PATU 8988 and PANC-1 cells were transfected with miR-382 mimics and miR-382 inhibitor to decrease or increase miR-382 expression, respectively. Overexpression of miR-382 led to a significant down-regulation of EZH2, while knockdown of miR-382 significantly increased the level of EZH2 both in mRNA and protein levels ( Fig. 5E ).
Additionally, results from RT-qPCR and western blot revealed that overexpression of TUG1 increased the level of EZH2 while down-regulated of TUG1 led to reduction of EZH2 both in miRNA and protein levels ( Fig. 5F ). Collectively, these findings suggest that EZH2 is a target of miR-382 and is positively regulated by TUG1.
Knockdown of EZH2 abolished the function of TUG1
We transfected PATU898 with TUG1expression vector and sh-EZH2 to study the effects of sh-EZH2 on cell migration and EMT mediated by TUG1. MTT and colony formation assay revealed that TUG1 promoted and sh-EZH2 suppressed cell proliferation, while co-transfection of sh-EZH2 and TUG1 expression vector showed that TUG1 promoted cell proliferation inhibited by sh-EZH2 ( Fig. 6A-B ). Would healing assay and transwell assay revealed that TUG1 promoted and sh-EZH2 suppressed cell migration, while co-transfection of sh-EZH2 and TUG1 expression vector showed that TUG1 promoted cell migration inhibited by sh-EZH2 ( Fig. 6C-D) .
Moreover, results from western blot demonstrated that TUG1 promoted and sh-EZH2 suppressed PC cell EMT phenotype formation, while co-transfection of sh-EZH2 and TUG1 expression vector showed that sh-EZH2 reversed the EMT promoted by TUG1 to MET (Fig. 6E ). Those findings suggest that downexpression of EZH2 inhibited PC cell migration and reversed EMT formation.
The expression level of TUG1 was negatively correlated with miR-382 and positively correlated with EZH2 in PC tissues
Finally, the relationship of the three molecules was analyzed. As shown in Fig. 7A , miR-382 levels and TUG1 levels were negatively correlated (2-tailed Spearman's correlation, r=-0.421, p<0.01). What's more, the level of EZH2 showed a positively correlated with TUG1 levels (2-tailed Spearman's correlation, r=0.697, p<0.01; Fig.   7B ). Collectively, these data indicated that there is a regulatory signaling pathway in which TUG1 regulates EZH2 by competitively sponging miR-382, inducing increased migration capacity and enhanced EMT phenotype formation PC cells. LncRNA Taurine Up -regulated Gene 1 (TUG1) was initially identified as a transcript up -regulated by taurine, siRNA -based depletion of TUG1 suppresses mouse retinal development [18] . And the abnormal expression of TUG1 has been reported in many cancers [19] [20] [21] [22] [23] [24] [25] [26] . In the current study, based on the results of lncRNA expression array analysis of clinical PC samples and RT-qPCR, we demonstrated that the lncRNA-TUG1 is upregulated in PC and serve as an oncogene in tumorigenesis.
Discussion
Moreover, compared with the normal HPDE6-C cells, TUG1 expression was strikingly higher in four PC cell lines except PATU 8988 cell lines. Employing loss-of-function and gain-of-function approaches, we identified that TUG1 plays a key role in PC cell proliferation, migration and EMT formation. Deletion of TUG1 significantly weakened PC cell growth ability, decreased cell migration capacity and inhibited the EMT phenotype formation, and vice vasa in TUG1 forced expression cells. Our findings revealed that TUG1 may function as an oncogene in PC, and its overexpression facilitated PC development and progression. However, the detailed mechanism by which TUG1 functions in PC warrants further investigations.
It has been revealed that endogenous transcripts containing miRNA response elements KLF4[11, 29, 30] . In our study, we provide evidence that TUG1 may function as a ceRNA to competitively sponge miR-382 and influence the distribution on specific target. Consistent with the function of miR-382 mimic, deletion of TUG1 could suppress miR-382 target EZH2, whereas ectopically forced expressed TUG1 inhibits miR-382 function, leading to suppression of its target gene EZH2. Therefore, the influence of TUG1 on PC cells proliferation, migration and EMT formation could be attributed, at least partially, to function as a ceRNA competitively sponging miR-382.
General, we show that the TUG1 is upregulated in PC tissues and cell lines. Its effects on cell proliferation, migration and EMT formation indicated its oncogenic property in PC tumorigenesis. In our study, TUG1 acts as a molecular sponge for miR-382 and regulates its target EZH2. This reciprocal repression of TUG1 and miR-382 may highlight the important role of RNA-RNA interaction and provide novel insight into lncRNA-based mechanisms underlying various aspects of tumorigenesis.
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Figure legends
Forty-eight hours after transfection, cells were collected for biotin-based pulldown assay. TUG1 expression levels were analyzed by RT-qPCR. All data were represented as the mean ± S.D. from three independent experiments, *P < 0.05, **P < 0.01. 
